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Carotid endarterectomy (CEA) reduces the risk of stroke in patients with symptomatic 1 2 as well as asymptomatic 3 4 carotid artery stenosis. Intraoperative stroke due to hypoperfusion during cross-clamping of the internal carotid artery is a major complication of CEA. 5 6 The prompt and reliable recognition of insufficient collateral blood supply is crucial for a good neurological outcome in these patients. With the use of an intraluminal shunt, there is a risk of embolization and undetected shunt malfunction. Therefore proper neuromonitoring is desirable for identifying patients who will benefit from shunt placement. There are a number of intraoperative monitoring techniques currently in use for the detection of cerebral ischaemia. These include monitoring of neurological status in an awake patient, 7 EEG, 8 processed EEG, 9 somatosensory evoked potentials, 10 regional cerebral blood flow monitoring, 11 stump pressure, 12 jugular venous oxygen saturation 9 13 and transcranial Doppler monitoring. 14 15 In general, EEG is believed to be an accepted form of monitoring cerebrovascular insufficiency during CEA. 16 The bispectral index (BIS) is a processed EEG parameter which is statistically derived from an empirical database using a proprietary methodology to calculate indices of the EEG power spectrum, burst synchronization and phase coupling. The stepwise development of BIS has been detailed by Rampil. 17 It has been suggested previously that the value of BIS may decrease as a result of cerebral ischaemia. 18 In yet another case report BIS was the earliest indicator of acute perioperative stroke during removal of a left ventricular assist device. 19 The development of clinical ischaemia in awake CEA patients presents a unique opportunity to evaluate utility of BIS as an indicator of cerebral ischaemia. We hypothesized that BIS will correlate with clinical signs of cerebral ischaemia during carotid crossclamping for CEA in awake patients.
Subjects and methods
After approval by the Joint Ethics Committee, 52 patients undergoing awake CEA under local anaesthesia participated in this study. Each patient presented for an elective CEA within the indications established by the European Carotid Surgery Trial (ECST)/North American Symptomatic Carotid Endarterectomy Trial (NASCET) studies, or as a part of the Asymptomatic Carotid Surgery Trial (ACST). All patients gave written informed consent for the BIS monitoring during the procedure.
Five-lead ECG, pulse oximetry for oxygen saturation and invasive measurement of mean arterial blood pressure were performed for all patients. For local/regional anaesthesia a mixture of lidocaine 1% with epinephrine and bupivacaine 0.25% was infiltrated around the wound edges, into the wound and the carotid sheath as required. During the procedure each patient received oxygen at 4-8 litre min À1 via a facemask or nasal prongs. One or more intravenous access lines were inserted and normal saline was given intravenously. Blood pressure was allowed to fluctuate spontaneously unless ischaemia developed, in which case it was elevated to a systolic pressure of $180 mm Hg using volume expansion. During the operation, the patients' neurological functions were continuously assessed. Contralateral upper and lower limb function and strength was assessed as normal, reduced or absent. Speech was assessed using the verbal component of the Glasgow Coma Scale. Neurological examination was conducted every 30 s when carotid clamps were applied. An ischaemic deficit was defined as any decrease in lower or upper limb power, confusion or dysphasia. If a severe neurological deficit occurred, a Javid shunt was inserted. The Bispectral Index A-2000 Monitor (Aspect Medical Systems, MA) was used in all the patients during carotid cross-clamping. A BIS Zip prep sensor was placed on the patient's forehead as recommended in the manufacturer's guidelines. All patients were continuously monitored before, during and after the cross-clamping. During the procedure the BIS monitor was connected to a laptop computer which recorded data every minute in real time. Table 1 shows the characteristics of all patients (n=52) in this study. All values are expressed as mean (SD). The mean BIS value in all patients (n=52) was 96 (2.9) (range 86-98). Five patients developed clinical cerebral ischaemia, ranging from mild limb weakness to profound weakness and speech dysfunction, during the clamping period. The mean BIS value in these five patients was 96.7 (3.2). The ischaemic deficit was reversed following clamp removal in all patients. A Javid shunt was inserted in three patients. The BIS values remained steady in all three patients who had shunts inserted. In one patient BIS values decreased to 38, coincident with a decrease in the level of consciousness about 5 min after the incision, and recovered within the next 10 min. This patient is described below as patient 3. The mean BIS value in the remaining 46 patients who did not develop clinical ischaemia during carotid cross-clamping was 95.4 (2.6). No permanent postoperative deficits occurred in any of the patients enrolled in the study. A brief description of three patients is presented below.
Results

Patient I
A male patient aged 65 yr underwent awake left CEA under local anaesthesia. Eight weeks before this surgery, he had suffered hemiplegia and expressive dysphasia from which he had made full recovery. He had a history of hypertension for 9 yr. He had 80% stenosis of the left internal carotid artery (ICA) and <60% stenosis of the right ICA assessed by colour Doppler done preoperatively for diagnosis. BIS monitoring was used for continuous cerebral monitoring together with neurological assessment during the awake procedure. After 17 min of cross-clamping, the patient developed subtle neurological changes. He was a few seconds slower in responding to questions and could not tell which day of the week it was. At this time his BIS value remained in the range 90-98. After 25 min of cross-clamping he became dysphasic and confused. His BIS values showed no change. The patient's condition gradually improved over the next 10 min with insertion of shunt. He was able to work out which day of the week it was. At this point the BIS values displayed no further change and were constantly noted in the same original range. This patient was then sedated with midazolam 0.15 mg kg À1 . At this time BIS values dropped down stepwise to a range of 70-80. The rest of the procedure was uneventful. After cross-clamp release, no neurological or haemodynamic changes were noted. His postoperative recovery was also uneventful and he was discharged on the second postoperative day.
Patient 2
A male patient aged 66 yr with a history of hypertension and angina on effort and >90% stenosis of right ICA 
Discussion
We present results in 52 patients who underwent continuous BIS monitoring and neurological assessment during elective awake CEA. In five patients who showed ischaemic changes in the form of neurological deficits, BIS values did not change from the baseline level, and dropped only in response to sedation or global cerebral depression. Our findings are consistent with one study in which no awake CEA patients manifested global EEG changes with cross-clamping of the carotid artery, 20 and there are two previous reports 21 22 of failure of processed EEG compared with awake neurological assessment for the detection of cerebral ischaemia. In patient 3, BIS values decreased with the level of consciousness of the patient at the beginning of the procedure and returned to normal as the patient recovered gradually. This could have been due to an embolus or vasovagal syncope, which has been previously reported due to venipuncture in a patient with suspected needle phobia, 23 or to a possible intravascular effect of local anaesthesia.
The correlation of standard EEG and a decreased cerebral blood flow (CBF) during CEA has been well established. 24 The EEG changes become apparent when CBF drops below 20 ml (100 g) À1 min À1 although individual variations may be seen. While there are no large studies that document improved neurological outcome with EEG monitoring during CEA, there is convincing evidence that persistent EEG abnormalities that occur intraoperatively are sensitive in detecting intraoperative strokes. 25 It is widely accepted that EEG attenuation occurs with progressive decrease in CBF with disappearance of a and b rhythms and increase in delta rhythm. 26 In one study, the use of EEG monitoring and selective shunting was associated with a reduction in the frequency of carotid shunts (49% vs 12% in the selective shunting group) and a decline in combined major neurological morbidity and mortality (2.3% vs 1.1%). 8 Thus EEG is believed to be a sensitive detector of cerebral ischaemia and a valuable tool for determining the need for shunting during CEA. [27] [28] [29] Similarly, processed EEG has been reported to detect cerebral ischaemia during CEA successfully. [30] [31] [32] The BIS specifically decomposes the EEG, quantifying the level of synchronization in the signal together with the traditional amplitude and frequency variables, thereby providing a more complete description of complex EEG patterns. It is a proprietary quantitative EEG variable that is derived using a complex algorithm from time, frequency and bispectral domains from a two-channel EEG. The BIS algorithm was designed specifically to quantify depth of anaesthesia in operating theatre settings. However it has been increasingly used in intensive therapy units to titrate sedatives and quantify the level of sedation in critically ill patients. [33] [34] [35] Furthermore, acute decreases of the BIS values have been shown to be related to severe cerebral ischaemia, 18 specifically in carotid endarterectomy patients. 36 In one case report, an acute decrease in BIS, which coincided with a decrease in cerebral haemoglobin saturation detected by near-infrared spectroscopy, suggesting a reduction in cerebral blood flow, was shown to be associated with acute slowing of the raw EEG waveforms. 37 The same group used BIS monitoring combined with near-infrared spectroscopy to detect cerebral ischaemia during cardiac surgery in 65 children. 38 Recently BIS has been reported as detecting cerebral hypoperfusion in a patient with a history of chronic renal failure undergoing construction of arteriovenous shunt who had had an intracranial haematoma evacuated 1 month earlier. 39 A marked decrease in bispectral index by cervical haematoma reducing cerebral perfusion pressure has been reported in a patient with a ruptured abdominal aortic aneurysm undergoing aneurysmectomy. 40 The authors suggest that the BIS monitor may be a simple and convenient monitor for cerebral ischaemia detection. However, our results show that there was no correlation between BIS values and neurological assessment in any of the patients who developed a clinically apparent ischaemic deficit during the clamping period. Although processed EEG has been shown to be an accurate monitor of neurological function and a reliable indicator of whether a shunt is required during CEA, there have been reports of its failure to detect ischaemic episodes during CEA. 21 22 This also applies to the standard EEG 41 42 and perhaps to BIS monitoring as seen by our results.
In our study, physical examination during awake carotid endarterectomy allowed prompt accurate identification of patients with cerebral ischaemia who would clearly benefit from placement of a shunt. Although monitoring of neurological function of the awake patient tests gross functions, it is easy to perform and more sensitive than both EEG and BIS monitoring as seen from our results.
In summary, our findings suggest that BIS monitoring during awake CEA is unreliable for the detection of cerebrovascular insufficiency. Awake neurological testing is the preferred method of monitoring in these patients.
